IgG4-Associated Cholangitis
Based on all these findings, Kamisawa et al. [5] , in 2003, coined the term ISD for this novel clinicopathological entity. The concept of an ISD has since then been confirmed by many reports on multiorgan inflammatory, mass-forming lesions, sharing typical histological features and corticosteroid-responsiveness [6] [7] [8] [9] [10] [11] now considered characteristic of ISD.
Despite the increasing recognition of ISD as an independent disease entity, its pathogenesis still remains largely unknown. To provide an actual overview on this intriguing disease with a focus on its hepatobiliary manifestation, and to further enhance clinical awareness for ISD, we reviewed recent literature. To illustrate the diagnostic challenges and dilemma's to recognize IgG4-associated cholangitis (IAC) at first clinical presentation, we also describe 2 recent cases typical of IAC within the entity of ISD.
Case Reports
Case 1 A 76-year-old man presented in March 2007 with jaundice, general malaise and weight loss, without any pain. On a computed tomography (CT) scan, a pancreatic head tumor was seen, and endoscopic retrograde cholangiopancreaticography (ERCP) revealed dilatation of the biliary tree, with a distal stenosis of the common bile duct, but no other bile duct abnormalities. A malignant pancreatic head tumour was strongly suspected, and pancreaticoduodenectomy (Whipple procedure) was performed. Histological investigation of the excised pancreatic tissue, however, revealed a fibrosing inflammation without any signs of malignancy. A few weeks after surgery, the patient presented with recurrence of jaundice. A percutaneous transhepatic cholangiography revealed marked intrahepatic bile duct irregularities with focal, PSC-like stricturing and dilatations, clearly different from the initial pre-operative cholangiography. There was no evidence of anastomotic dysfunction of the hepaticojejunostomy. A liver biopsy revealed marked cholestasis, but no characteristic signs of PSC. The suspicion of AIP and IAC was confirmed by an elevated serum IgG4 of 12.5 g/l (normal ! 1.4 g/l), with a total IgG of 24.2 g/l (normal ! 16 g/l). Retrospectively, IgG4 immunostaining of pancreatic tissue revealed marked periductal lymphoplasmacellular infiltration with IgG4-positive plasma cells ( 1 10/HPF) in the pancreatic head. There was also prominent IgG4-positive lymphoplasmacellular infiltration in the wall of the excised gallbladder. The duodenal wall did not contain any IgG4-positive cells. Treatment with prednisolone (initial dose, 40 mg daily) led to rapid improvement of jaundice and serum markers of cholestasis. Pancreatic exocrine insufficiency with steatorrhea was successfully treated with oral supplementation of pancreatic enzymes, and a corticosteroid-associated diabetes was controlled with diet and metformin. Eighteen months after the diagnosis of IAC and AIP was made, the patient has regained weight and is clinically in a stable condition and free of complaints. Serum markers of cholestasis have flaired-up intermittently and never normalized completely, and serum IgG4 fluctuates at borderline levels under maintenance immunosuppressive therapy (azathioprine, 50 mg OD, prednisolone, 5 mg OD).
Case 2
A 71-year-old man presented with jaundice, fatigue, weight loss and clinical and biochemical signs and symptoms of pancreatic exocrine and endocrine dysfunction. An insulin-dependent diabetes mellitus had been diagnosed a few months before presentation. On CT imaging, a diffusely swollen pancreas was seen, with a tumour in the pancreatic tail. Multiple enlarged lymph nodes were observed in the pancreatic region. On ERCP, an irregular stenosis of 3 cm was seen in the main pancreatic duct and a contrast stop in the corpus-tail area. Also, a severe irregular stenosis was detected in the intrapancreatic common bile duct, with proximal dilatation, for which a biliary stent was placed. Endoscopic ultrasound (EUS) revealed a mass in the pancreatic corpus, expanding to the pancreatic head and tail. Cytology of multiple fine needle aspirates from the pancreatic mass did not reveal malignant cells. The suspicion of AIP was supported by a serum IgG4 level of 11.9 g/l. After initiation of oral prednisone, jaundice disappeared and a rapid normalization of cholestatic serum markers and IgG4 was noted, with regression of the pancreatic mass and peripancreatic lymph nodes, in line with a definite diagnosis of AIP according to the HISORt criteria (see below). Corticosteroid treatment was slowly tapered down and was finally stopped. After 6 months, jaundice and fatigue recurred. Serum markers of cholestasis and IgG4 were again elevated. On ultrasonography, variably sized hilar and intrahepatic bile ducts were noted. A liver biopsy was consistent with long-standing cholestasis, and without evidence of PSC, but IgG4 immunostaining in liver tissue was negative. The patient was treated with prednisone and azathioprine 50 mg OD, with clinical recovery and normalisation of cholestatic parameters and serum IgG4 levels. Prednisone treatment was recently stopped, whereas azathioprine was continued at a low maintenance dose.
Clinical Presentations of IgG4-Related Systemic Disease
IgG4-Associated Cholangitis and Cholecystitis IAC is the recently defined hepatobiliary variant of ISD. It is commonly associated with AIP. Most frequent clinical signs and symptoms at presentation included jaundice (77%), weight loss (51%), mild to moderate abdominal pain (26%), steatorrhea (15%) and new onset diabetes (8%) in the largest cohort of 53 patients so far reported [8] .
On cholangiography, both intrahepatic bile duct lesions similar to PSC, and extrahepatic biliary strictures mimicking hilar or distal cholangiocarcinoma or pancreatic cancer, can be found. Distal biliary involvement is described in 68-88% of AIP patients [6, 8, 10, 12, 13] and multifocal biliary strictures were observed in one cohort of AIP patients in 32%, proximal extrahepatic biliary strictures in 37% and intrahepatic strictures similar to PSC in 31% as a sign of IAC [8] . In the same series, 4 additional patients showed intrahepatic strictures due to IAC as an isolated finding without evidence of AIP [8] . Wide variations have also been observed in the same patient, when examined at different time points [12, 14, 15] . Thickening of the gallbladder was noted in 32% of AIP patients [10] , and a dense infiltration of IgG4-positive plasma cells was found in some of the gallbladder specimens.
Liver histology in ISD patients is characterized by lymphoplasmacytic infiltrates within and around bile ducts, and obliterative phlebitis and fibrosis leading to sclerosis of the bile ducts. A portal sclerosing inflammation can be observed, but advanced fibrosis or cirrhosis are rare [8, 10, [15] [16] [17] [18] . Numbers of IgG4-bearing plasma cells, mainly found in the portal tracts, are significantly higher than in patients with other hepatopathies (including PSC, primary biliary cirrhosis, autoimmune hepatitis or chronic viral hepatitis), correlating to serum IgG4 levels, and decreasing on corticosteroid treatment [5, 14, 17, 18] . Endoscopic biopsy specimen of biliary epithelium revealed 1 10 IgG4-positive cells/high power field (HPF) in 88% of 16 biopsied patients with IAC [8] . Biliary or liver biopsy can thus be supportive in diagnosing IAC in ISD, or differentiating it from PSC or pancreatic or biliary cancer.
Although biliary biopsies might be helpful in the differentiation between IAC and PSC, the clinical differentiation can be challenging. Nishino et al. [15] identified different clinical profiles, comparing 24 patients each with IAC and PSC. On cholangiography, IAC was characterized by more segmental strictures and strictures of the distal bile ducts, compared to the predominant bandlike strictures with a beaded appearance in PSC patients. In liver biopsy specimen, fibrous obliterative cholangitis was observed in PSC only, whereas abundant IgG4-positive plasma cell infiltration was typical of IAC patients. Progression to liver failure or development of biliary cancer only occurred in 8 and 3 PSC patients, respectively. Highly significant differences between IAC and PSC in age of onset, occurrence of diabetes mellitus, inflammatory bowel disease and salivary gland swelling, as well as elevated serum IgG4 levels have also been reported by others [10, [14] [15] [16] 19] , as summarized in table 1 . Interestingly, 7-9% of PSC patients in large cohorts had elevated serum IgG4 levels at retrospective analysis [14] . Some of these patients might be IAC patients misdiagnosed as PSC.
Autoimmune Pancreatitis ISD predominantly affects the pancreas. AIP (as part of ISD) is a disease of elderly men, with average age consistently reported around 65 years, with a male predilection of 80%. The prevalence of AIP or ISD is largely unknown, although retrospective series report AIP in 4 to 6% of patients with chronic pancreatitis [20] . Main presenting symptoms are obstructive jaundice (around 70%; due to intrapancreatic biliary obstruction or IgG4-associated sclerosing cholangitis), diabetes mellitus (around 40-60%), weight loss and mild abdominal pain ( 6 30%, each) [6, 8, 10-13, 15, 16, 18, 20-23] . Serum alkaline phosphatase is elevated in up to 100% of patients with AIP/IAC. None of these signs and symptoms are specific for AIP and most are shared by patients with pancreatic malignancies. Because imaging features in AIP can also typically mimic pancreatic cancer, as discussed later, it is not surprising that up to a third of AIP patients are diagnosed after major surgery for suspected malignancy [8, 23, 24] . In North America, about 2.5% of all pancreatoduodenectomy specimens revealed histological signs of AIP after surgery [9] . Fortunately, increasing awareness for AIP may have contributed to a recent decline in the number of patients diagnosed with AIP only after major surgery [8] .
Extrapancreatic manifestations of ISD may precede AIP, may be observed simultaneously or may become evident many years after AIP [6, 8, 19, 25] as discussed below.
IgG4-Related Sclerosing Sialadenitis
Swelling of the salivary glands was reported in up to a quarter of patients with AIP, improving after steroid therapy. Salivary gland function examined by sialochemistry and salivary gland scintigraphy was also markedly impaired in many patients with AIP. In ISD patients with sialadenitis, the salivary glands show dense infiltration of IgG4-positive plasma cells and fibrosis, similar to histological findings in AIP and IAC. These histologic features were not identified in salivary gland tissue of patients with Sjögren's syndrome, neither were serum levels of IgG4 elevated in these patients. IgG4-related sclerosing sialadenitis must, therefore, be considered as a distinct manifestation of ISD [10, 13, 16, 19] .
Gastrointestinal Involvement in ISD
Gastrointestinal involvement in ISD has been reported. Kamisawa et al. [8, 24] described moderate to severe infiltration with IgG4-positive plasma cells ( 6 10/HPF) in all 8 histological specimen of endoscopically normal-appearing major duodenal papillae of AIP patients in comparison to the rate of IgG4-positive plasma cells ( ^ 3/HPF) in papillar histological specimen of 10 control patients with other pancreatic pathology or papillitis. The same group earlier described heavy infiltration with IgG4-positive plasma cells ( 1 10/HPF) in the lamina propria of 7 of 10 stomach biopsies, 2 of 5 colonic biopsies, and 3 of 18 major duodenal papilla biopsies, in a group of 24 patients with AIP, but in none of their control patients [26] . There were no distinct endoscopic findings, though foci of slightly pale, thickened mucosa with loss of visible vascular pattern were observed in some cases [26] . In contrast, Shinji et al. [27] found gastric ulcers with IgG4-positive plasma cells on histology in 8 of 23 selected AIP patients. These studies are highly suggestive of gastrointestinal involvement in ISD, and indicate that mucosal infiltration with 6 10 IgG4-positive plasma cells/HPF may be rather specific (although not that sensitive) for the diagnosis of ISD. Prospective cross-validation of these findings in independent cohorts of patients with ISD is certainly needed.
Retroperitoneal Fibrosis in ISD
Retroperitoneal fibrosis was reported in association with AIP in 3-10% of patients, resolving after corticosteroid therapy. Dense infiltration of IgG4-positive plasma cells and obliterative phlebitis in fibrotic lesions in the retroperitoneum were described [10, 13, 16, 21] .
Lymphadenopathy in ISD
Abdominal lymphadenopathy with dense infiltration of IgG4-positive plasma cells was detected on laparotomy in 5 of 8 patients with AIP [16] . Cervical or mediastinal lymphadenopathy was observed in the same study on CT scan in 7 of 28 AIP patients, disappearing after corticosteroid therapy.
Pulmonary Involvement in ISD
Increased uptake in gallium-67 scintigraphy, suggestive of pulmonary hilar involvement, was described in 80% of a large cohort of patients with AIP [10] . In another study, pulmonary involvement was reported in 4 of 30 patients with AIP, showing good response to corticosteroid therapy [16] .
Renal Involvement in ISD
There are various case reports on renal involvement in patients with AIP [7, 12, 13, 20] . Takahashi et al. [13] described small peripheral cortical nodules or diffuse patchy areas in renal parenchyma suggestive of renal involvement on CT or MRI in 35% of a group of 40 patients with AIP which regressed after corticosteroid treatment. Serum creatinine levels were not affected in these patients.
Other Manifestations in ISD
Other reported manifestations in ISD include IgG4-related prostatitis and aortitis, and localizations in the thyroid gland and bone marrow [7, 10, 11, 28, 29] .
Biochemical Markers in ISD

Serum IgG4
Elevated serum immunoglobulin levels were described early in AIP [4] . In 2001, Hamano et al. [30] reported in a landmark study that IgG4 levels 1 135 mg/dl had a sensitivity 1 97% for diagnosing AIP. Since then, numerous case series have demonstrated more conservative sensitivities of around 70% [7, 8, 10-14, 16, 18, 21, 23, 31] . Serum IgG4 levels may fluctuate over time, and sensitivity is higher when repeated analysis is performed [7, 14] . In a large cohort of patients with various pancreatic diseases, including 45 patients with AIP, Ghazale et al. [22] reported a specificity of elevated serum IgG4 ( 1 140 mg/dl) of 93%, increasing to 99% when a cut-off value of 280 mg/dl was used, thereby reaching a positive predictive value of 75%. Despite remarkable sensitivity and specificity, an elevated serum IgG4 is not regarded as diagnostic for ISD. Elevated serum IgG4 levels ( 1 140 mg/dl) were observed in 10% of patients with proven pancreatic cancer, as well as in small percentages of patients with acute or chronic pancreatitis [22] . Thus, serum IgG4 can be helpful in supporting the diagnosis of AIP/ISD but is not pathognomonic.
Serum CA19-9
The established tumor marker, carbohydrate antigen 19-9 (CA19-9), is not a useful marker to discriminate AIP from pancreatic cancer. It was reported to be elevated ( 1 100 U/ml) in 9-18% of patients with AIP without evidence of pancreatic cancer in three case series [8, 22, 23] , occasionally with even very high levels.
Serum Auto-Antibodies
Serum auto-antibodies are often detected in ISD. In various series of AIP patients, antinuclear antibodies (ANA) and rheumatoid factor (RF) were found to be positive in 43-80% and 13-30%, respectively [10, 11, 15, 16, 18, 24] . Anti-smooth muscle and double-stranded DNA antibodies were also occasionally reported [11, 18] . Thus, these auto-antibodies are not helpful in differentiating AIP from other immune-mediated liver diseases.
Auto-antibodies against carbonic anhydrase (CA-II) and lactoferrin, antigens that are expressed in the ductal epithelial cells of several exocrine glands [11, 16] , are not specific for ISD and are found in various biliary diseases, but may be helpful in the differentiation of AIP and pancreatic cancer. Hosoda et al. [32] were recently able to demonstrate elevated CA-II antibodies in 8 of 9 AIP cases using an arbitrarily defined ELISA absorbance cut-off value. Remarkably, none of the 32 control patients with pancreatic cancer had elevated CA-II antibodies, thereby yielding 100% specificity for AIP compared to pancreatic cancer. These results remain to be confirmed in larger studies.
Diagnosis of ISD and Its Organ Manifestations
The diagnosis of ISD and its organ manifestations is currently based on a combination of serological (as discussed above), imaging and histologic features.
IAC
IAC presents with biochemical and cholangiographic features frequently indistinguishable from PSC. Ghazale et al. [8] recently proposed a set of diagnostic criteria for diagnosing IAC ( fig. 1 ). This diagnostic recommendation may temporarily serve as a guideline for diagnosing IAC, although it has not yet been cross-validated in an independent cohort of patients with IAC.
AIP
An accurate diagnosis of AIP and its differentiation from other forms of pancreatitis, but particularly from pancreatic or bile duct cancer is of utmost importance, both to prevent patients with AIP from undergoing unnecessary surgery, and to prevent delayed diagnosis of possible fatal cancer. A classical finding in AIP is the diffusely enlarged relatively hypodense 'sausage-like' pancreas, with delayed enhancement of the pancreatic parenchyma on imaging (CT or MRI). Mild peri-pancreatic lymphadenopathy is commonly seen [5, 9-11, 16, 17, 27, 31] , whereas peri-pancreatic fat infiltration is uncommon. Pancreatic parenchymal calcifications vary between 8 and 14% [21, 24] , while pancreatic cysts are rare in AIP [10, 24] . Classical AIP findings in ERCP are focal, segmental, or diffuse narrowing of the main pancreatic duct, although many variations exist, depending on the course of disease [6, 8, 12, 20, 23, 24] . On EUS, typically, a hypoechoic gland with focal or diffuse parenchymal swelling can be seen [20] . Fluorodeoxyglucose positron emission tomography (FDG-PET) revealed FDG uptake in the pancreas in AIP patients [16, 33] that disappeared after corticosteroid treatment in a small study with 6 patients [34] . Atypical findings at presentation, however, are common in AIP patients [23, 24] . They include focal pancreatic enlargements, low-echoic masses, or a double duct sign and occasionally multiple masses or even progression from a localized to a diffuse involvement of the pancreas within the same patient, at different time points [33] .
The histopathological hallmark in AIP is the presence of abundant IgG4-positive plasma cells [6, 10, 16, 20, 21, 35] . In up to 100% of AIP cases, 1 10 IgG4-positive cells/ HPF can be seen, in both excision and biopsy specimen of the pancreas [5, 17, 21, 36] , even in the absence of elevated serum IgG4 [22] . In 175 tissue specimen of various organs of patients without evidence of ISD, only 1 (0.6%) specimen had positive ( 1 10 IgG4-positive cells/HPF) IgG4 immunostaining [7] . Nevertheless, infiltrates rich of IgG4-positive plasma cells have been reported in pancreas specimen of patients with alcoholic pancreatitis or pancreatic adenocarcinomas [36] . Therefore, caution should be taken to diagnose AIP only on the basis of IgG4-positive plasma cells in pancreatic tissue. Helpful in further discriminating AIP from other pancreatic disease is the histologic finding of lymphoplasmacytic sclerosing pancreatitis (LPSP) which includes dense lymphoplasmacytic infiltrates around small-sized pancreatic ducts, with fibrosis centred around ducts and veins. In contrast, ductal dilatation, stones or proteinaceous plugs, are changes typically associated with other types of chronic pancreatitis, but not with AIP.
Two sets of criteria for the diagnosis of AIP have recently independently been proposed which are based on the original Japan Pancreas Society diagnostic criteria of AIP:
HISORt criteria (histology, imaging, serology, other organ involvement, and response to corticosteroids) [21] define three diagnostic groups, based on histological features, characteristic imaging findings, or co-existing other findings suggestive of AIP ( fig. 2 ) .
Kim criteria [37] : (1) Classical imaging findings with diffuse enlargement of the pancreas on CT scan and diffuse or segmental irregular narrowing of the main pancreatic duct in ERP, together with one of the following criteria: (2) elevated levels of IgG or IgG4 or positive autoantibodies; (3) histopathological findings of fibrosis and lymphoplasmacytic infiltration, or (4) association with another autoimmune disease.
Diagnosis of AIP is considered probable if only criterion I and IV are met. Response during a 2-week course of steroid therapy can then prove the diagnosis.
Both sets of criteria include histological, imaging and serological findings as well as responsiveness to corticosteroid treatment. The discriminative strength of a diagnostic treatment with corticosteroids was convincingly demonstrated in a group of 22 patients with atypical imaging findings, where a 2-week corticosteroid treatment period helped to identify all of 7 patients with pancreatic cancer [23] . In HISORt, AIP can be diagnosed based on histological findings only, although histological features of AIP might not be specific as outlined above. Still, HISORt criteria comprise typical and atypical imaging features, enhancing its sensitivity to diagnose the wide spectrum of manifestations of AIP [11, 35] .
In comparison, the Kim criteria focus on pancreatic imaging thereby minimizing the risk of misdiagnosing pancreatic cancer [11, 35] . However, sensitivity in diagnosing this heterogeneous spectrum of disease is lower.
There is no international consensus on criteria for AIP so far. Increasing awareness of ISD and detection of more sensitive and specific markers for diagnosing ISD may contribute to improve the diagnostic yield for AIP and ISD in the near future [7, 9, 10, 12, 20, 21, 23, 24] . Presence of all following criteria:
• unexplained pancreatic disease after negative work-up (including for pancreas cancer)
• elevated serum IgG4 and/or other organ involvement confirmed by presence of abundant IgG4-positive cells
• marked improvement in pancreatic and/or extrapancreatic manifestations with steroid therapy Fig. 2 . HISORt diagnostic criteria for AIP [21] . Three diagnostic groups are defined, based on histological features, characteristic imaging findings, or coexisting other findings suggesting the diagnosis. * See text.
Pathogenesis of ISD
Auto-Immune or Allergic?
The pathogenesis of ISD remains largely unknown. Biochemical and clinical features like elevated serum immunoglobulins and particularly IgG4, serum auto-antibodies and the excellent response to steroid therapy may argue for ISD representing an autoimmune disorder. However, an excellent response to corticosteroid treatment is also observed in allergic disorders, and elevated serum IgE levels have been found in 35% of AIP patients [18] .
The human immune system is controlled by T helper cells (Th), and regulatory T cells (Tregs). Most autoimmune disorders are characterized by Th1-predominant reactions, associated with elevated levels of interferon-␥ (IFN-␥ ) produced by Th1 cells, whilst allergic disorders such as bronchial asthma and atopic dermatitis typically show Th2-type responses mediated by interleukin (IL)-4, IL-5, and IL-13. Tregs are capable of immune suppression by producing regulatory cytokines (IL-10 and tumor growth factor (TGF)-␤ ), and play an important role in the prevention of autoimmune disorders [10, 11, 14, 19] . Cytokine profiles in IAC and other extrapancreatic manifestations of ISD demonstrated significant increases in IL-4, IL-5, IL-13, IL-10 and TGF-␤ mRNA expression, as compared to samples from disease control patients with PSC or PBC [19] . IFN-␥ was similarly expressed in both groups. Furthermore, prominent infiltrations with cells positive for Foxp3, a transcription factor and marker of Tregs were identified. These data suggest an immunopathogenesis of ISD mediated by a Th2-predominant response to an unknown trigger, with large numbers of Tregs in affected tissues clearly different from autoimmune disorders. Interestingly, IL-4 and IL-10 may direct B-cells to produce IgG4 [19, 38] . In addition, TGF-␤ is a powerful fibrogenic cytokine [14, 19, 39] possibly mediating IgG4-positive plasma cell infiltration and periductal fibrosis/sclerosis, two of the most prominent pathological findings in ISD. It remains to be mentioned that an earlier study had shown increased IFN-␥ levels in ISD patients, more indicative of an autoimmune Th1-predominant immune response [40] . Thus, it remains unclear at present whether a Th1-mediated response (as in autoimmune disorders), or a Th2-predominant allergy-like response [10, 11, 14, 16, [18] [19] [20] dominates the inflammatory reaction in ISD.
Role of IgG4
Prominent IgG4 in serum and infiltrating plasma cells are the hallmark of ISD. IgG4 is the least frequent IgG subclass, normally accounting for less than 5% of the IgG pool [19, 41, 42] . Elevated IgG4 titres are found in both allergic diseases, such as asthma and atopic dermatitis [14, 19] , as well as in autoimmune diseases, including pemphigus vulgaris, myasthenia gravis, vasculitis and systemic lupus erythematosus [42] . Whether IgG4 plays a role in the pathogenesis of ISD is not clear. IgG4 is able to activate the classical complement pathway, it might even have an anti-inflammatory role, by reducing the pool of available antigens to more pathogenic antibodies [14, 19, 42, 43] . Nevertheless, IgG4 was found to be a pathogenic auto-antibody in pemphigus vulgaris, capable of inducing dermal-epidermal separation [14, 19, 42] . In rheumatoid arthritis (RA), it was found to be the predominant anti-cyclic citrullinated peptide (CCP) IgG antibody fraction [41] . Serum-IgG4 of ISD patients showed reactivity against biopsy specimen of normal pancreatic and bile duct tissue, suggesting that IgG4 might act as an auto-antibody in ISD [44] . Thus, it remains unclear whether IgG4 auto-antibodies are cause or consequence in ISD.
Treatment of ISD
IAC
Immunosuppressive treatment has been shown to exert a marked effect on inflammatory activity of IAC, and complete long-term remission after 3 months of treatment has been reported. However, the extent of disease may affect the long-term response, and a retrospective analysis showed that patients with alterations of proximal extrahepatic and intrahepatic bile ducts are prone to a higher risk of relapse after stop of treatment than patients with distal bile duct strictures only (64 vs. 32%) [8] . Thus, corticosteroids are regarded as the initial treatment of choice in this disease, in similar dosage as in the treatment of AIP (see below). Azathioprine at doses up to 2 mg/kg/day should be considered in those with proximal and intrahepatic stenoses and those after relapse during/after corticosteroid therapy. A significant percentage of IAC patients require temporary biliary stenting to resolve cholestasis [8, 12] . Duration of medical treatment for 3 months may be sufficient for the majority of patients, but long-term maintenance therapy at low doses may be required when disease activity has not completely come to a standstill or has relapsed. The long-term prognosis of IAC is not well known. Cirrhosis and progression to portal hypertension have only occasionally been reported.
AIP
The natural course of AIP in ISD is unknown, but some patients seem to improve spontaneously [12, 16] . Corticosteroids are considered the first line of therapy, providing response in almost all cases. Oral prednisone is usually initiated at 40 mg per day for a period of 1-3 months, followed by a tapering schedule of 5 mg every 1 to 2 weeks [7, 8, 10, 14, 16, 20, 21] . Radiological improvement of AIP can occur as early as 1-2 weeks after corticosteroid therapy, with normalization of pancreatic size within a few weeks [10, 23] . In patients with biliary drainage, stents can be removed in almost all patients after 1 to 2 months [8, 10, 14] . After several weeks of corticosteroid treatment, hypergammaglobulinemia and elevated IgG4 levels can resolve and autoantibodies can become undetectable [20] . Diabetes mellitus also improves following corticosteroid therapy [10, 20] .
Reports of relapse rates in AIP after corticosteroid withdrawal range from 4 to 53% [8, 10, 12, 14, 20] . The most sensitive and early marker for relapse was an increase in serum alkaline phosphatase levels, and increasing serum IgG4 levels after treatment [8, 14] . Treatment of relapse with a repeated course of corticosteroids and maintenance therapy with low-dose prednisolone (5 mg/day), azathioprine or mycophenolate mofetil was reported, yielding good response rates. Rituximab, a monoclonal antibody directed against the CD20 antigen on B lymphocytes, was reported to be effective in a case of AIP refractory to corticosteroids and 6-mercaptopurine treatment [45] .
The long-term prognosis of AIP is obscure. Only sporadic cases of pancreatic malignancies during the course of AIP have been reported [8] .
Other Organ Manifestations of ISD Like in IAC and AIP, extrahepatic and extrapancreatic lesions in ISD with infiltration of tissues with IgG4-positive plasma cells, marked fibrosis and obliterative phlebitis often respond dramatically to corticosteroids [6, 10, 11, 16] .
Summary
ISD and its hepatobiliary and pancreatic manifestations, IAC and AIP, represent a unique disease entity with largely unknown pathogenesis. IAC and AIP respond very well to anti-inflammatory treatment with corticosteroids. AIP is the most common manifestation of ISD, often mimicking pancreatic cancer. Accurate diagnosis is of utmost importance, to prevent unnecessary surgery, while avoiding delayed diagnosis of a potentially fatal malignancy. Awareness of ISD is the key to an accurate diagnosis. Serum IgG4 is currently the easiest available biochemical marker for diagnosing ISD. Elevated levels are characteristic of ISD, and more than a 2-fold elevation was found to be 99% specific. However, elevated serum levels of IgG4 can be found in patients without ISD, including PSC and pancreatic cancer patients. Tissue IgG4-bearing plasma cell infiltrates seem more accurate for the diagnosis, although they can also be observed in pancreatic cancer or chronic pancreatitis. The HISORt diagnostic criteria for IAC and AIP take into account the highly heterogeneous spectrum of manifestations of ISD, the hallmark of diagnosis being IgG4-rich lymphoplasmacytic infiltrates and sclerosis in pancreatic tissue. Biopsy specimens of the stomach, bile duct, major duodenal papilla or liver are easier and safer to obtain, and can thus facilitate the diagnosis of ISD. When ISD is suspected, a probatory treatment with corticosteroids can be discriminative and is an accepted diagnostic criterium. Unraveling the pathophysiological background of ISD remains the key for developing novel diagnostic tests and more specific therapy in the near future.
